Introduction
The coating of glasses, ceramics and metals with thin oxide films is one of the most important applications in sol-gel process. The coating films have been applied to the substrates by a sol-gel dip coating method. Sol-gel dip coating consists of the withdrawal of a substrate from a fluid sol, resulting in the formation of a gel film on the substrates')-3), The films are then heated to convert the gel film to glass or ceramics.
Compared with conventional thin film forming processes such as chemical vapor deposition, evaporation or sputtering, sol-dip coating requires considerably less equipment and is potentially less expensive, and also it is easily applied to very large surfaces. Recently, by using this method, there have been a number of attempts to coat the substrates to provide useful electrical4)° ° optical' 7) mechanical° or chemical properties9)° 10)
Despite the importance of protective properties of the sol-gel derived coating on metal substrates in aqueous solution, little work has been made on this subjectll>-13>. Sol-gel coating of Si02 has been applied to metal substrates for protective purpose against chemical attack. De Sanctis et al.") evaluated the protective properties of dip-coated Si02 on some stainless steels in boiling nitric acid and noted that although silica film reduced the acid attack by more than 35 %, the coated samples were strongly attacked.
Kato et al12>
pointed out the importance of the viscosity of the sol solutions for preparing a good and uniform silica coating. Our preliminary experiments revealed that Si02 coating directly onto stainless steel tends to produce pin-holes and cracks after baking possibly due to poor wetting to the substrate, as shown in Fig. 1  (a) and hence an abrupt decrease in the open circuit potential of the Si0 2 coated specimen after immersion in sulfuric acid for a short period of time, as shown in Fig. 1 (b Fig. 2 shows a schematic diagram for preparation of an A1203 coating. The details of the A1203 coating procedure were the same as described elsewhere'') ; withdrawing at the rate of 1. 48 x 10-3m/s and heating to 1173 K for 3. 6 ks in vacuum.
The starting solution for pure Si02 , coating was prepared by mixing tetraethoxysilane Si (OC2H5)4 (TEOS), C2H5OH, H2O and HC1. The composition of the sol-solution is shown in Table 1 . The mixing of the solution was done in two parts. A half of the prescribed amount of C2H5OH was added to TEOS. The rest of C2H5OH is mixed with H20 and HC1. This solution is added dropwise to TEOS-C2H5OH solution with a buret under stirring . A schematic diagram for preparation of a Specimen was withdrawn at 1.07 x 10_3 m/s and baked at 673Kfor3.6ks. The substrate used was Type 316 stainless steel which was flat plate ((2. 0 x 1. 0 X 0. 2) 10-2m), polished with # 1500 SiC abrasive paper and 1 x 10-sm A1203 powder, and then degreased with acetone prior to the coating process. This produced a flat, nearly mirror-like surface to be coated. The viscosity of the sol solution was measured by using a cone and plate viscometer.
Observations of the specimen surfaces were conducted by visual examination and the use of microscope and SEM.
2.3 Evaluation of the coating film The relative protective properties of the coatings were determined by measurements of the open circuit potential and the anodic polarization curves in deaerated 0. 5M HZS04 solution at 303 K. The polarization curves were measured potentiodynamically at a sweep rate of 0. 83 x 10-3V/s. The potentials were referred to the saturated calomel electrode (SCE). The coating defects such as pinholes and cracks were detected by electroplating of platinum. The appearance of coated surfaces is smooth, transparent and uniform, and no apparent microcracks are observed even at relatively high withdrawal speed of 2. 50>< 10-3m/s, as is iistinct from that coated directly on the mechanically polished sample, shown in Fig, 1  (a) . This result indicates the importance of an oxide interlayer like the alumina coating between the silica coating and substrate in order to get the good silica coating after baking. This is consistent with the result obtained by Murakami et al.14> They found that the excellent silica coatings were obtained on preoxic ized stainless steel substrate by heating in air, immersion in chromic or nitric acid solution, compared with the mechanically polished substrate.
It has been reported that good adhesion between the sol-coating film and substrate may be related to a condensation reaction between -OHs containing in the gel film and the oxide layer formed on the substrate15>. Gels consist of very fine particles of oxide. When the oxide particles come into contact with the oxide layer on the substrate, new metalloxysane bonds (M-O-M') are formed if the -OH groups in the gel encounter with other -OH groups in the oxide layer on the substrate. Fig. 5 illustrates the potentiodynamic anodic polarization curves of silica films coated on the alumina -coated Type 316 stainless steel substrate measured in deaerated 0. 5M H2SO4 at 303 K, In this figure, the influence of the withdrawal speed is demonstrated. Included in this figure, for comparison, is the polarization curve of the alumina-coated stainless steel substrate without the silica coating. It is clear that all the specimens tested show no active dissolution behavior and spontaneous passivation takes place. In the case of the specimen without silica coating, the polarization curve exhibits the sharp current rise above 0. 7 V (SCE), corresponding to the transpassive dissolution of the stainless steel substrate which produced a yellow colour in solution and led to spalling on the coatings. The silica coatings reduce both the onset of the potential for the transpassive dissolution and its current densities, particularly at the withdrawal speeds of 1. 07 and 1. 80 x 10-3 m/s, suggesting that the coatings produce protectiveness against corrosive attack to the steel substrate. It can, therefore, be said that the optimal withdrawal rate is in the range 1. 07 to 1. 80 x 10-3m/s.
The protective quality of the coatings was also influenced by baking temperature. Fig, 6 shows the potentiodynamic polarization curves of alumina-interlayered silica-coated 316 stainless steel prepared by baking at 573-773 K for 3. 6 ks at a fixed withdrawal speed of 1. 07>< 10-3m/s. For the specimen baked at 573 K, polarization above 0. 9 V (SCE) results in a sharp increase in transpassive dissolution current, while for the specimens baked at 673 and 773 K, the dissolution current densities are much lower than that baked at 573 K, Optical micrographs for single-layer silica coating baked at 773 K for 3.6 ks on single alumina-coated Type 316 stainless steel (a) before immersion and (b) after immersion in 0.5 M HZSO4 at 303 K. 
